Connexin43 (Cx43), a gap junction protein encoded by the Gja1 gene, is expressed in several cell types of the testis. Cx43 gap junctions couple Sertoli cells with each other, Leydig cells with each other, and spermatogonia/spermatocytes with Sertoli cells. To investigate the role of this communication pathway in spermatogenesis, we studied postnatal testis development in mice lacking Cx43. Because such mice die shortly after birth, it was necessary to graft testes from null mutant fetuses under the kidney capsules of adult males for up to 3 wk. Grafted wild-type testes were used as controls. In our initial experiments with wild-type testes, histological examination indicated that the development of grafted testes kept pace with that of nongrafted testes in terms of the onset of meiosis, but this development required the presence of the host gonads. When excised grafts were stimulated in vitro with cAMP or LH, there was no significant difference in androgen production between null mutant and wild-type testes, indicating that the absence of Cx43 had not compromised steroidogenesis. Previous research has shown that Cx43 null mutant neonates have a germ cell deficiency that arises during fetal life, and our analysis of grafted testes demonstrated that this deficiency persists postnatally, giving rise to a ''Sertoli cell only'' phenotype. These results indicate that intercellular communication via Cx43 channels is required for postnatal expansion of the male germ line.
INTRODUCTION
Spermatogenesis is a complex, multistage process that is coordinated by both paracrine and endocrine signals. These signals are required to support the development of four or five layers of germ cells in progressive stages of mitosis, meiosis, and spermiogenesis within each region of the seminiferous tubule. Another avenue of intercellular signalling for coordination of spermatogenesis is potentially provided by gap junctions. Gap junctions are arrays of intercellular membrane channels that allow cells to communicate directly with one another. The channels are formed from proteins called connexins (reviewed in [1] ). Six connexins oligomerize to make a connexon hemichannel in one cell membrane, which then docks with a connexon in the adjacent cell membrane forming an intercellular channel that allows the passage of small molecules (Ͻ1 kDa) from cell to cell. The connexins are encoded by a multigene family, and the expression of several different connexins has been documented in rodent testes [2] . Morphological studies have identified gap junctions between Sertoli cells, between Sertoli cells and spermatogonia/spermatocytes, between cells of the peritubular layer, and between Leydig cells of the interstitial compartment [2] [3] [4] [5] [6] [7] .
There are several lines of evidence indicating that gap junctional coupling may be essential for normal testicular function. Male germ cells must be in contact with Sertoli cells to develop in vivo or in vitro [8] . FSH is a regulator of male germ cell development, yet Sertoli cells are the only cells in the testis that possess FSH receptors (reviewed in [9] ). The effects of FSH on germ cell development must therefore be exerted indirectly, and one possible pathway is gap junctional communication between Sertoli cells and germ cells. Regulation of testosterone secretion may involve communication between adjacent Leydig cells [10] . The fact that Leydig cells are coupled via gap junctions suggests that the steroidogenic response of the testis to gonadotropins could also be modulated by this signaling pathway.
The most abundant connexin identified in the testis to date is connexin43 (Cx43). Electrophysiological and immunochemical data suggest that Cx43 is the predominant, if not the only, connexin contributing to functional gap junctions in Leydig cells [4, 11] . In contrast, Cx43 is just one of several connexins expressed, at least at the mRNA level, in Sertoli cells, germ cells, and peritubular cells [2] , with expression being highest in Sertoli cells [7] . Given the widespread distribution of Cx43 in the testis, we hypothesized that spermatogenesis and/or testosterone production is compromised in the absence of this connexin.
To evaluate this hypothesis, we studied postnatal testis development in mice lacking Cx43. We used mice in which the neo R gene had replaced most of the second exon of the Gja1 gene [12] . Because the entire coding sequence of Cx43 resides within the second exon, the replacement results in a null mutation [12, 13] . The homozygous mutant mice die shortly after birth because of a severe heart abnormality; therefore, it was necessary to graft fetal testes into adult hosts [14, 15] to allow the mutant testes to develop postnatally. The initial experiments in this study were aimed at ensuring that testes removed from late gestation fetuses would continue to develop under an adult mouse kidney capsule. Another aspect of the Cx43 null mutant phenotype is a pronounced germ cell deficiency affecting both sexes; however, neonatal testes do contain some identifiable germ cells [13] . After determining optimal grafting conditions, our goals were to ascertain whether the germ cell deficiency of the mutant fetuses could be overcome by postnatal spermatogonial proliferation and whether the mutation affected testosterone production by Leydig cells. 
MATERIALS AND METHODS

Mice
Mice heterozygous for the mutant allele (Gja1 ϩ /Gja1 Ϫ ) on the CD1 background were bred and maintained in the Department of Animal Care and Veterinary Services at the University of Western Ontario. Heterozygotes were mated to produce the homozygous mutant fetal mice used in grafting experiments. The morning a vaginal plug was detected was termed Day 0.5 of gestation. Wild-type fetuses from the same dams were used as controls. Mice used as graft recipients were 18-20 g Prkdc scid /Prkdc scid adult males (C.B-17/IcrHsd-scid; Harlan Sprague Dawley, Indianapolis, IN). These mice were bred and maintained in the barrier facility at the Robarts Research Institute (London, ON, Canada). All mice used in this study were maintained and handled in accordance with the International Guiding Principles for Biomedical Research Involving Animals as promulgated by the Society for the Study of Reproduction.
Collection of Fetal Testes
Pregnant mice were anesthetized with CO 2 and killed by cervical dislocation on Day 17.5 of gestation. The uterine horns were removed through an abdominal incision, and each fetus was carefully extracted from its individual amniotic sac and then killed immediately by decapitation. Approximately 5 mm of tail was clipped from each fetus, washed in detergent solution, and kept for genotyping. The testes of each fetus were removed and placed in 0.5 ml of Medium 199, pH 7.4 (Life Technologies, Burlington, ON, Canada) in a 35-ϫ 10-mm Falcon petri dish, and nongonadal tissue was removed. Fetal testes were maintained on Millicell culture plate inserts with Isopore polycarbonate membrane, 3.0-m pore size (Millipore Canada Ltd., Nepean, ON, Canada) over Medium 199 at 37ЊC for 2 days until grafting.
Genotyping
The genotype of each fetus was determined by polymerase chain reaction (PCR) techniques. Tail clippings were digested with 6 l of a solution containing 1.13 mg/ml proteinase K in 50 mM KCl, 50 mM Tris-HCl (pH 8.3), 2.5 mM MgCl 2 , and 0.5% Tween 20. The digestion was carried out overnight at 58ЊC. The digest was then diluted 1:5 with water and heated at 95ЊC for 15 min to inactivate the proteinase K. One microliter of each digest was used for each PCR, which utilized one of three sets of primers. For the Gja1 wild-type allele the primers were 5Ј-CCCCACTCTCACCT-ATGTCTCC-3Ј and 5Ј-ACTTTTGCCGCCTAGCTATCCC-3Ј, and they generated a 519-base pair (bp) amplicon. For the Neo (disrupted) allele, the primers were 5Ј-CTTGGGTGGAGAGGCTATTC-3Ј and 5Ј-AGGTGA-GATGACAGGAGATC-3Ј, generating a 280-bp amplicon. A third set of primers was used as a positive control for each PCR; these primers were designed to amplify a 206-bp segment of the T-cell receptor gene. The sequences were 5Ј-CAAATGTTGCTTGTCTGGTG-3Ј and 5Ј-GTCA-GTCGAGTGCACAGTTT-3Ј. Each PCR mixture contained either the Neo or the Gja1 primers plus the positive control primers (0.2 M each) in 20 mM Tris-HCl, pH 8.4, containing 1.5 mM MgCl 2 , 0.2 mM dNTPs, 50 mM KCl, and 0.125 units of Platinum Taq polymerase (Life Technologies) in a 10-l reaction volume. Cycling conditions were 3-min soak at 94ЊC, 94ЊC for 30 sec, 64ЊC for 30 sec (with the temperature of this step dropping 0.5ЊC per cycle to eventually reach 58ЊC), followed by 72ЊC for 30 sec. The last (37th) cycle was followed by a 7-min soak at 72ЊC. PCR products were separated on a 3% agarose gel at 100 V for 30 min.
Grafting Procedure
Male SCID mice to be used for graft recipients were removed from their microisolator cages in a sterilized biological safety cabinet where surgery was carried out. Each mouse was injected i.p. with 0.04 ml/10 g body weight of an anesthetic solution consisting of 2.5% ketamine hydrochloride (Ketaset; Ayerst Veterinary Laboratories, Guelph, ON, Canada) and 0.2% xylazine (Rompun; Bayer, Etobicoke, ON, Canada). After 10 min, a second half-dose was given, which allowed the mouse to remain unconscious for approximately 20 min by which time the surgery was complete. Vaseline was placed over the eyes of each unconscious mouse to prevent drying. In those recipients to be castrated before grafting, the abdominal area and dorsal right side were shaved and wiped with iodine. A lower abdominal medial incision, approximately 1 cm wide, exposed the recipient's testes. The blood vessels supplying the testes were clamped with forceps for at least 8 sec to collapse the vessels, preventing excess bleeding. Each testis was removed with scissors and the associated fat pad was replaced. The incisions were closed with two or three sutures each.
For all recipients, the right kidney was exteriorized through a small dorsolateral incision. A puncture was made in the kidney capsule with a 3-mm-diameter glass rod. Keeping the kidney capsule moist with sterile water, the fetal testes were inserted through the puncture. After the kidney was replaced in the body cavity, the peritoneal opening was closed with sutures, and the skin was closed with wound clips. Buprenorphine analgesic (0.3 mg/ml; Rickitt and Colman Products, Hull, England) diluted 1: 1000 with sterile water was injected i.p. at 0.018 ml/g. Each mouse remained on a 37ЊC heating pad after surgery for approximately 1 h until consciousness was fully regained. To retrieve the grafts, host mice were anesthetized with CO 2 and killed by cervical dislocation. The surgical incision was opened and the graft was carefully cut from the kidney and placed immediately in PBS. The graft was peeled away from the kidney tissue and any excess kidney capsule was removed with 30-gauge needles. The grafts were then placed into Bouin fixative for histological examination or into Medium 199 for assessment of capacity to produce androgen.
Histology
Recovered grafts were fixed in Bouin fixative overnight and then transferred to 70% ethanol until needed. The testes were embedded in paraffin and sectioned at a thickness of 5 m. For routine histological examination, sections were stained with hematoxylin and eosin.
Immunocytochemistry
To identify germ cells, sections from grafted testes were immunostained with a rat monoclonal antibody (10D9G11; George C. Enders, University of Kansas Medical Center, Kansas City, KS) against germ cell nuclear antigen (GCNA1). This same antibody had been used by us pre- viously to characterize the germ cell deficiency in fetal gonads lacking Cx43 [13] . A mouse monoclonal antibody against proliferating cell nuclear antigen (PCNA) (Sigma Chemical Co., St. Louis, MO) was used to specifically label cells undergoing mitotic division. For both antibodies, immunostaining was preceded by treatment of hydrated slides with blocking solution, 2% BSA (Life Technologies) in PBS, for 45 min. Anti-GCNA1 or anti-PCNA primary antibody (100 l) was placed on each slide for 1 h at room temperature. Anti-GCNA1 was used as undiluted hybridoma supernatant, and anti-PCNA was diluted 1:300 in blocking solution. Slides were then rinsed once with PBS for 5 min before applying secondary antibody for 1 h. The secondary antibody for GCNA-immunostained sections was horseradish peroxidase (HRP)-conjugated goat anti-rat IgG (ICN Canada Ltd., Montréal, PQ, Canada) diluted 1:250 in blocking solution, and the secondary antibody for PCNA-immunostained sections was a goat anti-mouse HRP-conjugated IgG (Caltag Laboratories, Burlingame, CA) diluted 1:5000 in blocking solution. All slides were then rinsed once in PBS for 10-30 min. Germ cells or proliferating cells were visualized using 100 l of colorimetric peroxidase detection substrate (True Blue Peroxidase; Kirkegaard & Perry Laboratories, Gaithersburg, MD). True Blue was left on the slides for 10 min and then rinsed away with water. GCNA1-immunostained slides were dehydrated as above and mounted in permount. The number of germ cells per seminiferous tubule was determined by counting GCNA1-positive cells in 40 tubules from each genotype or developmental age. PCNA-immunostained slides were covered with a coverslip and examined immediately.
The distribution of Cx43-containing gap junctions in the grafted testes was investigated using a rabbit polyclonal antibody (CT360;
Detection of Apoptotic Cell Death
The frequency of apoptosis in grafted testes was assessed using the in situ TUNEL reaction kit from Roche Diagnostics (Laval, PQ, Canada). Sections were dewaxed and rehydrated as described above and treated for 20 min at room temperature with proteinase K (20 g/ml in 10 mM Tris/ HCl; Life Technologies). They were then permeabilized on ice for 2 min in 0.1% Triton X-100/0.1% sodium citrate followed by two rinses with PBS. The TUNEL staining reaction was carried out according to the manufacturer's instructions. Sections treated with DNase I (1 g/ml, 10 min at room temperature) to introduce DNA strand breaks served as positive controls, whereas sections treated with the TUNEL mix without the terminal deoxynucleotidyl transferase served as negative controls. The fluorescent signal from the incorporated fluorescein-dUTP was converted into a colorimetric signal using a peroxidase-conjugated sheep anti-fluorescein antibody (Roche Diagnostics). The peroxidase reaction was visualized with the True Blue system.
Measurement of Testosterone Production
The capacity of grafted testes to produce androgens in vitro was tested 3 wk after the transplantation procedure. Testes were harvested and freed from attached renal tissue, the tunica albuginea was removed, and the testes were placed immediately in Medium 199 at 37ЊC. The medium was sampled after 1 h, and this first sample was subjected to RIA to determine the amount of androgen that had accumulated prior to the onset of the test procedure. These data were subtracted from the output measured after a further 4 h in the presence or absence of LH. One testis from each fetal donor served as a control and was incubated in 1.0 ml of fresh Medium 199 for 4 h. The remaining gonad from the same fetus was incubated for the same length of time in the presence of ovine LH (400 pg/ml NIHoLH26, a concentration that elicits robust androgen production in vitro). At the end of the incubation period, the culture medium was collected and centrifuged at 2500 ϫ g for 10 min, and the supernatant was frozen for later estimation of androgen content by a standard RIA procedure [16] .
Electron Microscopy
Ovaries were removed from host mice after 3 wk, cut into small pieces, and fixed for 1 h at room temperature in 1.6% glutaraldehyde in 0.1 M phosphate buffer containing 2% (w/v) sucrose (pH 7.3). Pieces were postfixed with 1% OsO 4 in phosphate buffer for 1 h at 4ЊC and then stained with 1% aqueous uranyl acetate overnight at 4ЊC. Samples were dehydrated by passing them through an ascending series of ethanols and then infiltrated with LR White resin (London Resin Company Ltd., Reading, U.K.) overnight. Specimens were embedded in blocks of fresh LR White and polymerized at 60ЊC for 24 h in gelatin capsules (size 00; Polysciences, Warrington, PA). Thin sections (60-70 nm) were counterstained with 2.5% uranyl acetate and Reynold lead citrate before being viewed with a Phillips 201 electron microscope at 60 kV. 
RESULTS
Fetal Testes Can Develop in an Adult Kidney
We had previously used a kidney grafting procedure to study postnatal folliculogenesis in ovaries lacking Cx43 [15] . In those experiments, the host ovaries were removed at the time of grafting, an alteration known to enhance the developmental competence of the graft [17] . In the present study, our first experiments were aimed at determining whether grafted fetal testes could develop under an adult kidney capsule and whether the presence or absence of the host testes affected the outcome. Grafted testes did develop in the adult host kidneys, but the best outcomes occurred when the host testes were left intact (Fig. 1) . Wild-type grafts developing in intact hosts (Fig. 1B) more closely resembled testes of the same age that had developed in situ (Fig. 1A) , with more cells (spermatocytes) growing towards the lumen of the seminiferous tubules, as compared with grafts developing in gonadectomized hosts (Fig. 1C) . This was true for different periods of postnatal growth up to 3 wk (the longest period we observed). Heterozygote testes were indistinguishable from wild-type testes. To ensure that the grafting environment did not alter Cx43 expression, sections were labeled with a Cx43-specific antibody (Fig. 2) . Grafted and nongrafted testes showed similar Cx43 expression patterns, with most immunostaining in the basal region of the tubules as reported previously [6, 7] .
Germ Cell Deficiency of Gja1
Ϫ /Gja1 Ϫ Testes Persists Postnatally
Wild-type and mutant testes were examined histologically at Gestational Day 17.5 (before grafting) and after 1, 2, and 3 wk of postnatal development in the kidneys (Fig.  3, hematoxylin and eosin staining; Fig. 4 , GCNA1 staining). Although the seminiferous tubules of wild-type (Gja1 ϩ /Gja1 ϩ ) and null mutant (Gja1 Ϫ /Gja1 Ϫ ) grafts appeared morphologically similar at Day 17.5 (Fig. 3, A and B) and after 1 wk of postnatal development (Fig. 3, C and  D) , after 3 wk of postnatal development the mutant tubules were clearly different, with many fewer cells and vacuous lumena (compare Fig. 3E with Fig. 3F) . Labeling with the anti-GCNA1 germ cell-specific antibody (Fig. 4) revealed that this difference arises because the mutant seminiferous tubules are deficient in germ cells at all postnatal ages. The number of germ cells per seminiferous tubule was determined for grafted wild-type and mutant testes and for nongrafted wild-type testes of comparable age (Fig. 5) . The mutant testes had at least 90% fewer germ cells. Although germ cell numbers increased during postnatal development in the wild-type testes (whether developing in situ or in kidney grafts), those numbers remained extremely low and did not increase in the mutant grafts.
As a test of cell proliferation in the mutant seminiferous tubules, sections were immunostained for PCNA, an accessory protein of DNA polymerase ␦ that is a marker for cells proceeding through S phase [18] . When sections of grafted testes were labeled with an antibody that recognizes PCNA, proliferating cells could be identified in both wild-type and mutant seminiferous tubules (Fig. 6) . The number of PCNA-positive cells in the mutant tubules was severely reduced by 3 wk after birth, when Sertoli cell proliferation is known to decline [19] . Thus, cell proliferation in the testis can still occur when Cx43 is absent but eventually reaches a very low level in the mutant testes because of the paucity of germ cells. Immunolabeling of contiguous sections with either anti-GCNA1 or anti-PCNA (Fig. 7) allowed us to confirm that some of the PCNA-positive cells in the mutant testes were germ cells.
During the first wave of spermatogenesis in juvenile mice, spermatogonial proliferation is opposed by a high rate of apoptotic cell death that reaches a peak 3 wk after birth [20] . We used the in situ TUNEL reaction to look for changes in apoptotic cell death frequency in mutant testes developing in kidney grafts. TUNEL staining detected DNA strand breaks in virtually all cells in DNase-treated sections of wild-type seminiferous tubules (Fig. 8A) , but no such staining was observed in negative controls, where the terminal deoxynucleotidyl transferase enzyme was omitted from the reaction (Fig. 8B) . The TUNEL reaction applied to sections of grafted testes revealed very few apoptotic cells in either wild-type (Fig. 8, C and E) or mutant (Fig. 8, D and F) seminiferous tubules of any postnatal age up to 3 wk. This finding indicates that the absence of Cx43 did not influence the frequency of spermatogonial apoptosis but suggests that that apoptosis was suppressed in the grafted testes.
Androgen Production Persists in Gja1
Ϫ /Gja1 Ϫ Testes
When the pituitary hormone, LH, binds to its receptor on Leydig cells, cAMP is generated to stimulate testosterone synthesis (reviewed in [21] ). A variety of second messengers, including cAMP, are known to pass through Cx43 gap junctions [22] [23] [24] . We therefore tested grafted mutant testes to determine whether their ability to produce androgens in response to LH had been compromised. Grafts were removed from adult kidneys after 3 wk and placed in culture medium with or without LH for 4 h, and the medium was then harvested for RIA. There was no difference in androgen production between Gja1 ϩ /Gja1 ϩ and Gja1 Ϫ / Gja1
Ϫ testes under these conditions (Fig. 9) . Correspond- ingly, we could not detect any morphological differences between wild-type and mutant Leydig cells when examined in situ with the electron microscope (Fig. 10) . The mutant Leydig cells exhibited numerous lipid droplets and mitochondria and had copious smooth endoplasmic reticulum, all features of cells undergoing steroidogenesis. These results indicate that steroidogenesis persists in Leydig cells lacking Cx43.
DISCUSSION
One of the potential pitfalls with genetic ablation experiments in mice is the real possibility that the null mutation created will cause unexpected embryonic lethality, preventing study of the adult physiological process under investigation. In our case, the lethality caused by the cardiac defect of Cx43-deficient fetuses [12] precluded analysis of the effects of the mutation on fertility. The organ grafting procedure that we employed has, however, allowed us to evaluate the state of gametogenesis in both sexes. In females, the absence of Cx43 results in failure of the granulosa cell population to expand after birth, resulting in arrest of ovarian folliculogenesis in the primary or early secondary follicle stage [15] . In males, as shown in the present study, the germ cell population of the testis fails to expand postnatally in the absence of Cx43. The results obtained from both sexes imply a role for Cx43 in supporting cell proliferation and/or survival. The fact that both ovaries and testes from null mutant fetuses can continue to develop in kidney grafts, albeit with specific deficiencies, confirms the general health of tissues taken from such fetuses. Thus, the kidney grafting method employed here should be useful for studying other organ systems in lethally mutant mouse models.
When we began the present study, we first established that development of the grafted testes was closer to normal, i.e., more like that of testes developing in situ, when the host testes were left intact. This finding is in contrast to the situation in the female, where the development of ovary grafts is improved when the host is ovarectomized [17] . The reasons for this difference are unclear at present, although sex differences in the temporal pattern of gonadal development and/or dependence on gonadotrophic hormones could be involved. In both sexes, the germ cells develop in an avascular environment. Gap junctions provide a means for efficient transport of nutrients to cells located away from the blood supply and provide a conduit for sharing of second messengers downstream of ligand binding to cell surface receptors. Given that spermatogenesis is a synchronized and spatially patterned process of cell proliferation and differentiation, gap junctional intercellular coupling would be expected to play an important role. Our results demonstrate that Cx43, likely the most abundant gap junction protein in the testis, plays a critical role because it is required for postnatal expansion of the germ cell population. In the mouse, germ cells (spermatogonia and spermatocytes) are coupled with Sertoli cells via gap junctions containing Cx43 [7] , although it is possible that other connexins also are present. Hence the failure of the Cx43-deficient germ cell population to expand could reflect reduced support from the Sertoli cells. However, because Sertoli cells are also coupled with one another via Cx43 channels, the defect may also or alternatively involve a functional deficit in the Sertoli cells themselves (although their own ability to proliferate was apparently not compromised). In any case, the defect in germ line expansion in the mutant testes is not the result of a total failure of spermatogonia to proliferate, because some germ cells identified by GCNA1 immunostaining were also PCNA positive. Neither is this defect due to an elevated frequency of apoptosis. It could be that the rate of proliferation of the few remaining spermatogonia in the null mutant testes is low enough to be balanced by cell death, even at the low rate of apoptosis seen in the grafts, preventing recovery from the germ cell deficiency that exists at birth.
The ''Sertoli cell only'' phenotype resulting from the absence of Cx43 closely resembles the situation in genetically modified mice in which either Cx32 or Cx40 has replaced Cx43 [25] . In both of these ''knockin'' lines, the replacement of Cx43 with another connexin did not result in neonatal lethality, allowing the mutant mice to survive to adulthood. Thus Cx32 and Cx40 are able to function in place of Cx43 in the developing heart but not in the testis. Not only is gap junctional coupling as mediated by Cx43 necessary for postnatal testis development and spermatogenesis, but this connexin must play some role that is at least partially unique in that it cannot be fulfilled by two other connexins.
An unexpected finding in this study was that the frequency of TUNEL-positive cells in grafted testes, regardless of genotype, was much lower than expected for juvenile testes [20] . In adult rodents, the frequency of apoptotic cell death in seminiferous tubules is generally low but can increase in response to metabolic stress such as that caused by ischemia/reperfusion [26, 27] . Therefore, some condition pertaining to the kidney graft situation caused a reduction in apoptosis frequency to a level typical of adult testes. One explanation might be that the higher testosterone levels of the adult hosts suppressed apoptosis [20] .
Given that Cx43 is the only connexin known to be present in Leydig cell gap junctions [3, 4, 11] , it was also surprising that androgen production persisted in the mutant testes. This finding indicates, at least under the maximal LH stimulation of our in vitro assay system, that testosterone production is not dependent on Cx43 gap junctions. A future research priority will be to determine whether the responsiveness of Leydig cells to suboptimal LH levels is compromised by the mutation. However, Cx43 expression may be dependent on testosterone; treatment with hCG, which stimulated testosterone production by Leydig cells in vitro as well as in vivo, caused a reduction in Cx43 expression in both contexts [28] . LH signaling may negatively regulate gap junctional coupling in Leydig cells, in which case loss or reduction of that coupling would not compromise steroidogenesis but may in fact enhance it. Further experimentation is needed to explore this possibility.
